Abstract: Through nonlinear scattering including stimulated Raman scattering and beam cleanup, a pulsed multimode pump beam is converted into a nearly diffraction-limited supercontinuum extending from 1 to 2 µm in a passive cladding-pumped nonlinear fiber converter.
Fiber pump laser (SPI)
Isolator
Experimental set-up
The experimental scheme consists of a low-cost industrial 1064 nm pulsed fiber laser from SPI laser (SP-30P-0031-000) acting as pump source, a 1112 nm CW seed from a fiber Raman laser, and a 100 m long piece of passive DCF. See Fig. 1 . The DCF has a 20 mm diameter, 0.06 NA germanosilicate core, and a 50 mm diameter, 0.2 NA silica inner cladding. Thus, the core is multimode for wavelengths below 1.567 mm. The outer cladding is made of fluorine-doped silica glass and its outer diameter is 160 mm. The total background loss is 0.24 dB in this piece of fiber both at the pump and the 1 st Stokes wavelength. The pump produces 30 ns pulses at 150 kHz repetition a2346_1.pdf OSA / CLEO/QELS 2010
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978-1-55752-890-2/10/$26.00 ©2010 IEEE frequency and with peak power up to nearly 10 kW peak power. The pump is multimode with M 2 ~ 3.2, while the seed is diffraction-limited. The beams are free-space multiplexed by a dichroic mirror (DM) and launched through a single lens into the DCF. Thus they co-propagate. The seed is launched into the core. Through SRS, the multimode pump amplifies and modulates the seed which becomes pulsed. At the output of the DCF, several DMs are used to separate the residual Raman pump, the 1 st Stokes, and higher-order Stokes waves which are generated in the DCF. In this experiment, the launch efficiencies for the pump and seed are respectively 89% and 92.5% including seed power launched into the inner cladding. The launched seed power is 88 mW while the pump power is varied. Figure 2 shows the average output power of the SC source including and excluding the residual pump power against the launched average pump power. The power conversion efficiency is over 70% with respect to the launched pump power. We measured the output beam quality at different wavelengths using a narrow-band filter. The M 2 are 1.69 at 1112 nm, 1.55 at 1178 nm, and 1.58 at 1539 nm. The inset of Fig. 2 depicts the pulse shape at 1539 nm at 25.4 W of launched average pump power, showing a pulse durations of ~ 13 ns.
Results and discussions
The output spectrum is shown in Fig. 3 for different pump powers, for this 100 m long piece and also for a 700 m long piece. With increased pump power, several discrete order Raman Stokes are generated to about 1233 nm, then the spectra broadens. Calculations with OptiFibre™ (Optiwave) give a zero dispersion wavelength of around 1278 nm for the fundamental mode in the core. At the maximum pump power (8.05 kW launched peak power), the power density is over 40 mW/nm around 1400 nm. This result is close to the record power density of 50 mW/nm reported in [4] . In a 700 m long piece, we extended the SC even further albeit with lower efficiency because of higher losses. We were not able to measure accurately the extension of the SC passed 1750 nm. However, using an un-calibrated Agilent 86140B OSA we were able to verify that the SC extended up to 2 mm as shown in the inset of Fig. 3 . 
Conclusion
We have cladding-pumped a 100 m long nonlinear silica fiber converter with a multimode pump source. This generated a 19 W average power, pulsed, nearly diffraction-limited supercontinuum with over 70% conversion efficiency with respect to launch pump power in a large core fiber. We believe this simple approach opens up for substantial further power-scaling of SC sources and that the same method can be readily applied to other type of material such as soft glass fibers which exhibit large nonlinear coefficients and wide transmission window.
